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(54) Electroluminescent device and manufacturing method thereof 



(57) An electroluminescent (EL) device for display- 
ing a full color image includes a substrate, e.g., made of 
glass, a thick-film EL layered structure including a blue 
light emitting thick-film EL layer, e.g., made of ZnS:Cu 
and a thin-film EL layered structure including a red light 
emitting thin-film EL layer, e.g., made of CaS:Eu. In the 
EL device, the thick-film EL layered structure is formed 
on either top or bottom of the substrate and the thin-film 
EL layered structure is formed either on top of the thick- 
film EL layered structure or on top of the substrate. In 
the EL device, a green light emitting EL layer is included 



either in the thick-film EL layered structure as a green 
light emitting thick-film EL layer, e.g., made of ZnS:Tb or 
ZnS:Cu, or in the thin-film EL layered structure as a 
green light emitting thin-film EL layer, e.g., made of 
ZnS:Tb. The EL device is capable of providing a blue 
light, a green light and a red light concurrently, each light 
having a commercially acceptable brightness level to 
thereby, allowing the EL device to display a full-color 
image having a commercially acceptable brightness 
level. 
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Description 

[0001] The present invention relates to an electrolu- 
minescent device and a method for manufacturing 
thereof; and, more particularly, to a color electrolu- s 
minnescent device and a method for manufacturing 
thereof. 

[0002] In recent years, elctroluminescent (EL) 
devices in both a thin-film EL type and a thick-film type 
have been suggested to display a multi-color image. 10 
Both of the thin-film and thick-film EL devices, however, 
are burdened with major shortcomings. 
[0003] To be more specific, the thin-film EL device, 
while capable of providing a red light of a commercially 
acceptable brightness level, is incapable of providing 15 
the same for a blue light of a commercially acceptable 
brightness level, whereas the thick-film EL device, while 
capable of providing a blue light of a commercially 
acceptable brightness level, is incapable of providing 
the same for a red light of a commercially acceptable 20 
brightness level. 

[0004] In other words, neither the thin -film EL 
device nor the thick-film EL device could provide the 
blue light and red lights of a commercially acceptable 
brightness level concurrently to thereby prevent the EL 25 
devices from displaying a full-color image of a commer- 
cially acceptable brightness level. 
[0005] It is, therefore, a primary object of the 
present invention to provide an electroluminescent (EL) 
device and a method for manufacturing thereof capable 30 
of providing a blue light and a red light having a com- 
mercially acceptable brightness level. 
[0006] It is another object of the present invention to 
provide an electroluminescent (EL) device and a 
method for manufacturing thereof capable of displaying 35 
a full-color image by generating a blue light, a green 
light and a red light, having a commercially acceptable 
brightness level. 

[0007] In accordance with the present invention, 
there is provided an EL device comprising: a substrate; 40 
a thick-film electroluminescent (EL) layered structure 
formed on either on top or bottom of the substrate, the 
thick-film EL layered structure including a blue light 
emitting thick-film EL layer; a thin-film EL layered struc- 
ture formed on either on top of the substrate or on top of 45 
the thick-film EL layered structure, the thin-film EL lay- 
ered structure including a red light emitting thin-film EL 
layer; and a green light emitting EL layer to be included 
either in the thick-film EL layered structure as a green 
light emitting thick-film EL layer or in the thin-film EL lay- so 
ered structure as a green light emitting thin-film EL 
layer. 

[0008] The above and other objects and features of 
the present invention will become apparent from the fol- 
lowing description of preferred embodiments given with 55 
reference to the accompanying drawings, in which: 

Fig. 1 represents a schematic cross sectional view 



of a full-color electroluminescent (EL) device in 
accordance with a first preferred embodiment of the 
present invention; 

Fig. 2 presents a schematic cross sectional view of 
a full-color EL device in accordance with a second 
preferred embodiment of the present invention; 
Fig. 3 illustrates a schematic cross sectional view of 
a full-color EL device in accordance with a third pre- 
ferred embodiment of the present invention; 
Fig. 4 depicts a schematic cross sectional view of a 
full-color EL device in accordance with a fourth pre- 
ferred embodiment of the present invention; 
Figs. 5 A to 5 F set forth schematic cross sectional 
views for illustrating a method for manufacturing the 
full-color EL device represented in Fig. 1 ; and 
Figs. 6A to 6D offer schematic cross sectional 
views for illustrating a method for manufacturing the 
full-color EL device presented in Fig. 2. 

[0009] In accordance with a preferred embodiment 
of the present invention, an electroluminescent (EL) 
device includes a substrate; a thick-film EL layered 
structure formed on top of the substrate; and a thin -film 
EL layered structure formed on top of the thick-film EL 
layered structure. 

[0010] In accordance with another preferred 
embodiment of the present invention, an EL device 
includes a substrate; a thick-film EL layered structure 
formed on bottom of the substrate; and a thin-film EL 
layered structure formed on top of the substrate. 
[001 1 ] In accordance with the present invention, the 
thick-film EL layered structure includes a blue light emit- 
ting thick-film EL layer; and the thin-film EL layered 
structure includes a red light emitting thin-film EL layer. 
[0012] Further, in accordance with the present 
invention, a green light emitting EL layer is included 
either in the thick-film EL layered structure as a green 
light emitting thick-film EL layer or in the thin-film EL lay- 
ered structure as a green light emitting thin-film EL 
layer. 

[001 3] Referring to Figs. 1 -4, there are shown sche- 
matic cross sectional views of full-color EL devices 1 00, 
200, 300 and 400 having different structures in accord- 
ance with the preferred embodiment of the present 
invention. In Figs. 1-4, arrows represent main paths of 
the light beams emitted from the corresponding EL lay- 
ers, respectively. 

[001 4] Figs. 5A to 5F set forth schematic cross sec- 
tional views for illustrating a method for manufacturing 
the full-color EL device 100 shown in Fig. 1. Figs. 6A to 
6D offer schematic cross sectional views for illustrating 
a method for manufacturing the full-color EL device 200 
represented in Fig. 2. 

[0015] Fig. 1 represents a schematic cross sec- 
tional view of the full-color EL device 100 in accordance 
with a first preferred embodiment of the present inven- 
tion. Referring to Fig. 1, the full-color EL device 100 
includes a substrate 101 made of a transparent insulat- 
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ing material, e.g., glass; a thick-film EL layered structure 
130 formed on top of the substrate 101, the thick-film EL 
layered structure 130 including a blue light emitting 
thick-film EL layer 104 to generate a blue light; and a 
thin-film EL layered structure 150 formed on top of the 
thick-film EL layered structure 130, the thin-film EL lay- 
ered structure 150 including a red light emitting thin-film 
EL layer 1 15 to generate a red light. 
[0016] In detail, the thick-film EL layered structure 
130 includes a first electrode film 102 formed on top of 
the substrate 101 ; a first insulation film 103 formed on 
top of the first electrode film 102 and partially on top of 
the substrate 101; the blue light emitting thick-film EL 
layer 104 formed on top of the first insulation film 103; a 
second electrode film 1 05 formed on top of the blue light 
emitting thick-film EL layer 104; and a second insulation 
film 1 06 formed on top of the second electrode film 105, 
partially on top of the blue light emitting thick-film EL 
layer 104 and the first insulation film 103. 
[0017] As shown in Fig. 5A, the first electrode film 
102 made of, e.g., silver (Ag), is formed by using, e.g., a 
screen printing method. The first insulation film 103 
made of an insulating material, e.g., BaTi0 3 , is formed 
by using either, e.g., a spray coating method or a screen 
printing method. The blue light emitting thick-film EL 
layer 104, e.g., made of ZnS:Cu, is formed by using a 
thick-film EL layer forming method, e.g., either a spray 
coating method or a screen printing method. 
[0018] As shown in Fig. 5B, the second electrode 
film 105, e.g., made of either Aluminum (Al) or Indium 
Tin Oxide ln 2 0 3 :Sn0 2 (ITO), is formed by using, e.g., a 
sputtering method; and the second insulation film 106 
made of an insulating material, e.g., Y 2 0 3 , is formed by 
using either, e.g., a sputtering method or an electron- 
beam evaporation method. 

[0019] It should be noted that the center points of 
the first electrode film 102, the blue light emitting thick- 
film EL layer 104 and the second electrode film 105 are 
perpendicularly aligned. 

[0020] The thin-film EL layered structure 150 
includes a third electrode film 1 1 1 and a fourth elec- 
trode film 112, the third and fourth electrode film 111 
and 112 being separated from each other and formed 
on top of the second insulation film 106; a third insula- 
tion film 1 1 3 formed on tops of the third and fourth elec- 
trode film's 111 and 112 and partially on top of the 
second insulation film 1 06; the red light emitting thin-film 
EL layer 1 15 and a green light emitting thin-film EL layer 
114, the red light emitting thin-film EL layer 1 15 and the 
green light emitting thin-film EL layer 114 being sepa- 
rated from each other and formed on top of the third 
insulation film 1 13; a fourth insulation film 116 formed 
on tops of the green light emitting thin-film EL layer 1 14 
and the red light emitting thin-film EL layer 1 15 and par- 
tially on top of the third insulation film 1 1 3. 
[0021] The thin-film EL layered structure 150 further 
includes a fifth electrode film 1 1 7 and a sixth electrode 
film 118, the fifth and sixth electrode films 117 and 1 18 



being separated from each other and formed on top of 
the fourth insulation film 116. It should be noted that the 
center points of the fourth electrode film 1 12, the green 
light emitting thin-film EL layer 114 and the fifth elec- 
5 trode film 1 1 7 are aligned perpendicularly; and the cent- 
ers of the third electrode film 1 1 1 , the red light emitting 
thin-film EL layer 115 and the sixth electrode film 118 
are also perpendicularly aligned. 

[0022] The third electrode film 111 and the fourth 
10 electrode film 1 12 are made of, e.g., ITO and formed by 
using, e.g., a sputtering method. The third insulation film 
113 made of insulating material, e.g., Y 2 0 3 , is subse- 
quently formed by employing, e.g., a sputtering method. 
[0023] Thereafter, as shown in Fig. 5C, the green 
15 light emitting thin-film EL layer 114, e.g., made of 
ZnS:Tb, is formed on top of the third insulation film 113 
by using a thin-film EL layer forming method, e.g., one 
of a sputtering method, an electron-beam evaporation 
method and an atomic layer epitaxy growth (ALE) 
20 method. As shown in Fig. 5D, the red light emitting thin- 
film EL layer 115, e.g., made of CaS:Eu, is formed on 
top of the third insulation film 1 1 3 by using a thin-film EL 
layer forming method. 

[0024] As shown in Fig. 5E, the fourth insulation film 
25 116, e.g., made of Y 2 0 3 , is formed by using, e.g., a 
sputtering method. Then, as shown in Fig. 5F, the fifth 
electrode film 117 and the sixth electrode film 1 18 are 
made of, e.g., ITO and formed by using, e.g. a sputter- 
ing method. 

30 [0025] In general, the thin-film EL layered structure 
150 further includes a protection layer 119 made of a 
material which is resistant to water, a chemical attack 
and a physical impact from outside, e.g., parylene or 
glass. The protection layer 1 19 is formed on tops of the 

35 fifth electrode film 117 and the sixth electrode film 118 
and partially on top of the fourth insulation film 1 16. 
[0026] In accordance with a preferred embodiment 
of the present invention, the thickness of the substrate 

101 ranges from about 0.8 mm to about 1.2 mm; the 
40 thickness of each of the first and second electrode films 

102 and 1 05 ranges from about 0.8 juim to about 1 .2 juirn; 
the thickness of the blue light emitting thick-film EL layer 
104 ranges from about 30 |nm to about 40 |mm; and the 
thickness of each of the first and second insulation films 

45 103 and 1 06 ranges from about 5 |nm to about 10 jxm. 
[0027] Further, the thickness of the third to sixth 
electrode films 1 1 1 , 112, 117 and 1 1 8 range from about 
0.3 |Lim to about 0.4 juim, respectively; the same for the 
thin-film EL layers 114 and 115 range from about 0.8 

so juim to about 1 .0 juim, respectively; and the thickness of 
each of the third and fourth insulation films 113 and 116 
ranges from about 0.2 jam to about 0.4 juim. 
[0028] It should be also noted that the so-called 
conventional photolithography process including an 

55 etching technique is employed in forming the films or 
layers 111 to 118 included in the thin-film EL layered 
structure 150. 

[0029] Fig. 2 presents a schematic cross sectional 
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view of the full-color EL device 200 in accordance with a 
second preferred embodiment of the present invention. 

[0030] Referring to Fig. 2, the full-color EL device 
200 includes a substrate 201; a thick-film EL layered 
structure 230 formed on top of the substrate 201, the 
thick-film EL layered structure 230 including a blue light 
emitting thick-film EL layer 205 to generate a blue light 
and a green light emitting thick-film EL layer 206 to gen- 
erate a green light; and a thin-film EL layered structure 
250 formed on top of the thick-film EL layered structure 
230, the thin-film EL layered structure 250 including a 
red light emitting thin-film EL layer 21 3 to generate a red 
light. 

[0031] In detail, the thick-film EL layered structure 
230 includes an 1 1th electrode film 203 and a 12th elec- 
trode film 204, the 11th and 12th electrode films 203 
and 204 being separated from each other and formed 
on top of the substrate 201 ; the blue light emitting thick- 
film EL layer 205 formed on top of the 12th electrode 
film 204; a green light emitting thick-film EL layer 204 
formed on top of the 11th electrode film 203; an 11th 
insulation film 207 formed partially on tops of the sub- 
strate 201, the 11th and 12th electrode films 203 and 
204 and on tops of the blue light emitting thick-film EL 
layer 205 and the green light emitting thick-film EL layer 
206. 

[0032] The thick-film EL layered structure 230 fur- 
ther includes a 13th electrode film 208 and a 14th elec- 
trode film 209, the 13th and 14th electrode films 208 
and 209 being separated from each other and formed 
on top of the 1 1th insulation film 207; and a 12th insula- 
tion film 210 formed on tops of the 13th and 14th elec- 
trode films 208 and 209 and partially on top of the 1 1th 
insulation film 207. 

[0033] It should be noted that the center points of 
the 12th electrode film 204, the blue light emitting thick- 
film EL layer 205 and the 13th electrode film 208 are 
perpendicularly aligned; and the center points of the 
11th electrode film 203, the green light emitting thick- 
film EL layer 206 and the 14th electrode film 209 are 
also perpendicularly aligned. 

[0034] As depicted in Fig. 6A, each of the 1 1th elec- 
trode film 203, e.g., made of silver (Ag) and the 12th 
electrode film 204, e.g., made of Ag is formed on top of 
the substrate 201, e.g., made of glass by using, e.g., a 
screen printing method. The blue light emitting thick-film 
EL layer 205, e.g., made of ZnS:Cu is formed on top of 
the 12th electrode film 204 by using a thick-film EL layer 
forming method, e.g., a spray coating method or a 
screen printing method. 

[0035] Thereafter, as represented in Fig. 6B, the 
green light emitting thick-film EL layer 206, e.g., made of 
one of ZnS:Tb, ZnS:Cu and ZnS:Mn is formed by using 
the thick-film EL layer forming method. The 1 1th insula- 
tion film 207, e.g., Y 2 0 3 is formed by using, e.g., a sput- 
tering method. 

[0036] Next, as shown in Fig. 6C, each of the 13th 
electrode film 208, e.g., made of ITO and the 14th elec- 



trode film 209, e.g., made of ITO is formed by using, 
e.g., an electron-beam evaporation method. The 12th 
insulation film 210, e.g., made of Y 2 0 3 is formed by 
using, e.g., a sputtering method. 

5 [0037] The thin-film EL layered structure 250 
includes a 15th electrode film 21 1 formed on top of the 
12th insulation film 210; and a 13th insulation film 212 
formed on top of the 15th electrode film 211 and par- 
tially on top of the 12th insulation film 210. 

10 [0038] The thin-film EL layered structure 250 further 
includes the red light emitting thin-film EL layer 213 
formed on top of the 13th insulation film 212; a 14th 
insulation film 21 4 formed on top of the red light emitting 
thin-film EL layer 213 and partially on top of the 13th 

15 insulation film 212; and a 16th electrode film 215 formed 
on top of the 14th insulation film 214. 
[0039] As set forth in Fig. 6D, the 1 5th electrode film 
21 1 , e.g., made of ITO is formed by using, e.g., an elec- 
tron-beam evaporation method. The red light emitting 

20 thin-film EL layer 213, e.g., made of CaS:Eu is formed 
by using, e.g., an electron-beam evaporation method. 
[0040] The 14th insulation film 214, e.g., made of 
Y 2 0 3 is formed by using, e.g., an electron-beam evapo- 
ration method; and the 16th electrode film 215, e.g., 

25 made of ITO, is formed by using, e.g., an electron-beam 
evaporation method. 

[0041] It should be noted that the center points of 
the 15th electrode film 211, the red light emitting thin- 
film EL layer 213 and the 16th electrode film 215 are 

30 aligned along an approximately same straight line. 

[0042] In general, the thin-film EL layered structure 
250 usually further includes a protection layer 216 made 
of, e.g., either parylene or glass, wherein the protection 
layer 21 6 is formed on top of the 1 6th electrode film 21 5 

35 and partially on top of the 14th insulation film 214. 

[0043] It should be noted that if the green light emit- 
ting thick-film EL layer 206 is made of ZnS:Cu, the 
atomic percent concentration of Cu in the green light 
emitting thick-film EL layer 206 is set to be lower than 

40 that in the blue light emitting thick-film EL layer 205. 
[0044] In detail, in accordance with a preferred 
embodiment of the present invention, a blue light of a 
commercially acceptable brightness level from the blue 
light emitting thick-film EL layer 205 is obtained by 

45 applying an AC voltage with a frequency of about 1 KHz 
between the electrode films 204 and 208. 
[0045] In contrast, to obtain a green light of a com- 
mercially acceptable brightness level from the green 
light emitting thick-film EL layer 206, an AC voltage with 

so a frequency of about 400 Hz is applied between the 
electrode films 203 and 209 under the condition that the 
atomic percent concentration of Cu in the green light 
emitting thick-film EL layer 206 is lower than that in the 
blue light emitting thick-film EL layer 205. 

55 [0046] Fig. 3 illustrates a schematic cross sectional 
view of the full-color EL device 300 in accordance with a 
third preferred embodiment of the present invention. 
[0047] Referring to Fig. 3, the full-color EL device 
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300 includes a substrate 310, e.g., made of glass; a 
thick-film EL layered structure 330 formed on bottom of 
the substrate 310, the thick-film EL layered structure 
330 including a blue light emitting thick-film EL layer 312 
to generate a blue light; a thin-film EL layered structure 
350 formed on top of the substrate 31 0, the thin-film EL 
layered structure 350 including a red light emitting thin- 
film EL layer 325 to generate a red light and a green 
light emitting thin-film EL layer 326 to generate a green 
light. 

[0048] In detail, the thick-film EL layered structure 
330 includes a 21st electrodefilm 31 1 formed on bottom 
of the substrate 310; the blue light emitting thick-film EL 
layer 312 formed on bottom of the 21st electrode film 
31 1 ; a 21st insulation film 313 formed on bottom of the 
blue light emitting thick-film EL layer 312, partially on 
bottoms of the 21st electrodefilm 31 1 and the substrate 
310; and a 22nd electrodefilm 314 formed on bottom of 
the 21 st insulation film 313. 

[0049] It should be noted that the center points of 
the 21 st electrode film 31 1 , the blue light emitting thick- 
film EL layer 312 and the 22nd electrode film 314 are 
aligned perpendicularly. 

[0050] In general, the thick-film EL layered structure 
330 further includes a protection layer 315, e.g., made 
of parylene, formed on bottom of the 22nd electrode film 
314 and partially on bottom of the 21st insulation film 
313. 

[0051] The thin-film EL layered structure 350 
includes a 23rd electrode film 322 and a 24th electrode 
film 323, the 23rd and 24th electrode film 322 and 323 
being separated from each other and formed on top of 
the substrate 310; a 23rd insulation film 324 formed on 
tops of the 23rd and 24th electrode film's 322 and 323 
and partially on top of the substrate 310; the red light 
emitting thin-film EL layer 325 and a green light emitting 
thin-film EL layer 326, the red light emitting thin-film EL 
layer 325 and the green light emitting thin-film EL layer 
326 being separated from each other and formed on top 
of the 23rd insulation film 324; a 24th insulation film 327 
formed on tops of the red light emitting thin-film EL layer 
325 and the green light emitting thin-film EL layer 326 
and partially on top of the 23rd insulation film 324. 
[0052] The thin-film EL layered structure 350 further 
includes a 25th electrode film 328 and a 26th electrode 
film 329, the 25th and 26th electrode films 328 and 329 
being separated from each other and formed on top of 
the 24th insulation film 327. 

[0053] It should be noted that the center points of 
the 24th electrode film 323, the green light emitting thin- 
film EL layer 326 and the 25th electrode film 328 are 
aligned perpendicularly; and the 23rd electrode film 
322, the red light emitting thin-film EL layer 325 and the 
26th electrode film 329 are also perpendicularly 
aligned. 

[0054] In general, the thin-film EL layered structure 
350 usually further includes a protection layer 340, e.g., 
made of parylene, wherein the protection layer 340 is 



formed on tops of the 25th electrode film 328 and the 
26th electrode film 329 and partially on top of the 24th 
insulation film 327. 

[0055] Fig. 4 depicts a schematic cross sectional 

5 view of the full-color EL device 400 in accordance with a 
fourth preferred embodiment of the present invention. 
[0056] Referring to Fig. 4, the full-color EL device 
400 includes a substrate 410, e.g., made of glass; a 
thick-film EL layered structure 430 including a blue light 

10 emitting thick-film EL layer 413 to generate a blue light 
and a green light emitting thick-film EL layer 414 to gen- 
erate a green light, wherein the thick-film EL layered 
structure 430 is formed on bottom of the substrate 410; 
and a thin-film EL layered structure 450 formed on top 

15 of the substrate 410 including a red light emitting thin- 
film EL layer 424 to generate a red light. 
[0057] In detail, the thick-film EL layered structure 
430 includes a 31st electrode film 41 1 and a 32nd elec- 
trode film 412, the 31st and 32nd electrode films 411 

20 and 412 being separated from each other and formed 
on bottom of the substrate 410; the blue light emitting 
thick-film EL layer 413 formed on bottom of the 31st 
electrode film 41 1 ; and a green light emitting thick-film 
EL layer 414 formed on bottom of the 32nd electrode 

25 film 412. 

[0058] The thick-film EL layered structure 450 fur- 
ther includes a 31st insulation film 415 formed partially 
on bottoms of the 31st electrode film 41 1 , the 32nd elec- 
trode film 412 and the substrate 450 and on bottoms of 

30 the blue light emitting thick-film EL layer 413 and the 
green light emitting thick-film EL layer 414; and a 33rd 
electrode film 416 and a 34th electrode film 417, the 
33rd and 34th electrode films 41 7 being separated from 
each other and formed on bottom of the 31st insulation 

35 film 415. 

[0059] It should be noted that the center points of 
the 31st electrode film 41 1, the blue light emitting thick- 
film EL layer 413 and the 34th electrode film 417 are 
aligned perpendicularly; and the center points of the 
40 32nd electrode film 412, the green light emitting thick- 
film EL layer 414 and the 33rd electrode film 416 are 
also aligned perpendicularly. 

[0060] In general, the thick-film EL layered structure 
430 further includes a protection layer 418, e.g., made 
45 of parylene, formed on bottom of the 33rd and 34th 
electrode films 416 and 417 and partially on bottom of 
the 31st insulation film 415. 

[0061] The thin-film EL layered structure 450 
includes a 35th electrode film 422 formed on top of the 

so substrate 410; a 33rd insulation film 423 formed on top 
of the 35th electrode film 422 and partially on top of the 
substrate 410; the red light emitting thin-film EL layer 
424 formed on top of the 33rd insulation film 423; a 34th 
insulation film 425 formed on top of the red light emitting 

55 thin-film EL layer 424 and partially on top of the 33rd 
insulation film 423; and a 36th electrodefilm 426 formed 
on top of the 34th insulation film 425. 
[0062] It should be noted that the center points of 
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the 35th electrode film 422, the red light emitting thin- 
film EL layer 424 and the 36th electrode film 426 are 
aligned perpendicularly. 

[0063] In general, the thin-film EL layered structure 
450 further includes a protection layer 427, e.g., made s 
of parylene, wherein the protection layer 427 is formed 
on top of the 36th electrode film 426 and partially on top 
of the 34th insulation film 425. 

[0064] It should be noted that the films or layers 
included in each of the thick-film EL layered structure's 10 
230, 330 and 430 have almost equal thickness to the 
corresponding films or layers in the thick-film EL layered 
structure 130, respectively; the films or layers included 
in each of the thin-film EL layered structure's 250, 350 
and 450 have almost equal thickness to the correspond- is 
ing films or layers in the thin-film EL layered structure 
150, respectively. 

[0065] For the sake of simplicity, the description of 
the methods for manufacturing the thick-film EL layered 
structure 330 and the thin-film EL layered structure 350 20 
are omitted since the methods therefor are similar to 
those of the thick-film EL layered structure 130 and the 
thin-film EL layered structure 150, respectively. 
[0066] The description of the methods for the man- 
ufacturing the thick-film EL layered structure 430 and 25 
the thin-film EL layered structure 450 are also omitted 
since the methods therefor are similar to those of the 
thick-film EL layered structure 130 and the thin-film EL 
layered structure 150, respectively. 

[0067] Further, as represented by arrows in Figs. 1 - 30 
4, it is preferable that three main paths of red, green and 
blue light beams from the corresponding EL layers in 
each of the EL devices 100, 200, 300 and 400 are not 
overlapped with each other to thereby enable each of 
the EL devices to emit a light of a commercially accept- 35 
able brightness level and be easily controlled by an 
electrode control circuit (not shown) therefor. 
[0068] For example, as shown in Fig. 1, the blue 
light emitting thick-film EL layer 104 is located between 
the green light emitting thin-film EL layer 114 and the 40 
red light emitting thin-film EL layer 115; and as shown in 
Fig. 3, the blue light emitting thick-film EL layer 312 is 
located between the red light emitting thin-film EL layer 
325 the green light emitting thin-film EL layer 326. 
[0069] The red light emitting thin-film EL layer 21 3 is 45 
located either left or right of all of the blue light emitting 
thick-film EL layer 205 and the green light emitting thick- 
film EL layer 206; and the red light emitting thin-film EL 
layer 424 is located either left or right of all of the green 
light emitting thick-film EL layer 414 and the blue light so 
emitting thick-film EL layer 413. 
[0070] It should be noted that in accordance with 
another preferred embodiment of the present invention, 
the red light emitting thin-film EL layer 213 is located 
between the blue light emitting thick-film EL layer 205 ss 
and the green light emitting thick-film EL layer 206; and 
the red light emitting thin-film EL layer 424 is located 
between the green light emitting thick-film EL layer 414 



and the blue light emitting thick-film EL layer 413. 

[0071] Even though the three main paths of red, 
green and blue light beams from the corresponding EL 
layers included in each of the EL devices 100, 200, 300 
and 400 are directed upward, respectively, as shown in 
Figs. 1-4, it should be noted that in accordance with 
other preferred embodiments, the three main paths can 
also be directed downward, respectively. 
[0072] It should be also noted that each of the insu- 
lation films and electrode films included in each EL 
device of the present invention should be transparent in 
case that the corresponding light beam passes there- 
through and be either opaque or transparent in case 
that the corresponding light beam does not pass there- 
through. 

[0073] As described above, in accordance with the 
present invention, there is provided an EL device includ- 
ing a red light emitting thin-film EL layer, a blue light 
emitting thick-film EL layer and a green light emitting EL 
layer either as a green light emitting thin-film EL layer or 
as a green light emitting thick-film EL layer, thereby 
allowing the inventive EL device to display a full-color 
image of a commercially acceptable brightness level. 
[0074] While the present invention has been 
described with respect to certain preferred embodi- 
ments only, other modifications and variations may be 
made without departing from the scope of the present 
invention as set forth in the following claims. 

Claims 

1 . An electroluminescent (EL) device comprising: 

a substrate; 

a thick-film EL layered structure formed on top 
of the substrate; and 

a thin-film EL layered structure formed on top 
of the thick-film EL layered structure. 

2. The EL device according to claim 1, wherein the 
thick-film EL layered structure includes a blue light 
emitting thick-film EL layer; and the thin-film EL lay- 
ered structure includes a red light emitting thin-film 
EL layer and a green light emitting thin-film EL layer. 



3. The EL device according to claim 2, wherein the 
thick-film EL layered structure includes: 

a first electrode film formed on top of the sub- 
strate; 

a first insulation film formed on top of the first 
electrode film and partially on top of the sub- 
strate; 

the blue light emitting thick-film EL layer formed 
on top of the first insulation film; 
a second electrode film formed on top of the 
blue light emitting thick-film EL layer; and 
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a second insulation film formed on top of the 
second electrode film, partially on tops of the 
blue light emitting thick-film EL layer and the 
first insulation film. 

5 

4. The EL device according to claim 3, wherein the 
thin-film EL layered structure includes: 

a third electrode film and a fourth electrode 
film, the third and fourth electrode films being 10 
separated from each other and formed on top 
of the second insulation film; 
a third insulation film formed on tops of the third 
and fourth electrode film's and partially on top 
of the second insulation film; is 
the red light emitting thin-film EL layer and the 
green light emitting thin-film EL layer, the red 
light emitting thin-film EL layer and the green 
light emitting thin-film EL layer being separated 
from each other and formed on top of the third 20 
insulation film; 

a fourth insulation film formed on tops of the 
green light emitting thin-film EL layer and the 
red light emitting thin-film EL layer and partially 
on top of the third insulation film; and 25 
a fifth electrode film and a sixth electrode film, 
the fifth and sixth electrode films being sepa- 
rated from each other and formed on top of the 
fourth insulation film. 

30 

5. The EL device according to claim 4, wherein the 
blue light emitting thick-film EL layer is made by 
employing either a spray coating method or a 
screen printing method; and the red light emitting 
thin-film EL layer is made by employing one of a 35 
sputtering method, an electron-beam evaporation 
method and an atomic layer epitaxy growth method. 

6. The EL device according to claim 5, wherein the 
blue light emitting thick-film EL layer is made of 40 
ZnS:Cu; the green light emitting thin-film EL layer is 
made ZnS:Tb; and the red light emitting thin-film EL 
layer is made of CaS:Cu. 

7. The EL device according to claim 6, wherein each 45 
of the insulation films and electrode films is trans- 
parent in case that the corresponding light beam 
passes therethrough. 

8. The EL device according to claim 7, wherein the so 
blue light emitting thick-film EL layer is located 
between the red light emitting thin-film EL layer and 
the green light emitting thin-film EL layer. 

9. The EL device according to claim 1, wherein the 55 
thick-film EL layered structure includes a blue light 
emitting thick-film EL layer and a green light emit- 
ting thick-film EL layer; and the thin-film EL layered 



structure includes a red light emitting thin-film EL 
layer. 

10. The EL device according to claim 9, wherein the 
thick-film EL layered structure includes: 

an 1 1th electrode film and a 1 2th electrode film, 
the 11th and 12th electrode films being sepa- 
rated from each other and formed on top of the 
substrate; 

the blue light emitting thick-film EL layer formed 
on top of the 12th electrode film; 
the green light emitting thick-film EL layer 
formed on top of the 1 1th electrode film; 
an 11 th insulation film formed partially on tops 
of the substrate and the 11th and 12th elec- 
trode films and tops of the blue light emitting 
thick-film EL layer and the green light emitting 
thick-film EL layer; 

a 13th electrode film and a 14th electrode film, 
the 13th and 14th electrode films being sepa- 
rated from each other formed on top of the 1 1th 
insulation film; and 

a 1 2th insulation film formed on tops of the 1 3th 
and 14th electrode films and partially on top of 
the 11th insulation film. 

11. The EL device according to claim 10, wherein the 
thin-film EL layered structure includes: 

a 1 5th electrode film formed on top of the 1 2th 
insulation film; 

a 13th insulation film formed on top of the 15th 
electrode film and partially on top of the 12th 
insulation film; 

the red light emitting thin-film EL layer formed 

on top of the 13th insulation film; 

a 14th insulation film formed on top of the red 

light emitting thin-film EL layer and partially on 

top of the 13th insulation film; and 

a 1 6th electrode film formed on top of the 1 4th 

insulation film. 

12. The EL device according to claim 11, wherein the 
red light emitting thin-film EL layer is made of 
CaS:Eu; the blue light emitting thick-film EL layer is 
made of ZnS:Cu; and the green light emitting thick- 
film EL layer is made of one of ZnS:Tb, ZnS:Cu and 
ZnS:Mn. 

13. The EL device according to claim 12, wherein the 
red light emitting thin-film EL layer is located either 
between the green light emitting thick-film EL layer 
and the blue light emitting thick-film EL layer or 
either left or right of all of the green light emitting 
thick-film EL layer and the blue light emitting thick- 
film EL layer. 
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14. An electroluminescent (EL) device comprising: 

a substrate; 

a thick-film EL layered structure formed on bot- 
tom of the substrate; and 
a thin-film EL layered structure formed on top 
of the substrate. 

15. The EL device according to claim 14, wherein the 
thick-film EL layered structure includes a blue light 
emitting thick-film EL layer; and the thin-film EL lay- 
ered structure includes a red light emitting thin-film 
EL layer and a green light emitting thin-film EL layer. 



19. The EL device according to claim 14, wherein the 
thick-film EL layered structure includes a blue light 
emitting thick-film EL layer and a green light emit- 
ting thick-film EL layer; and the thin-film EL layered 

5 structure includes a red light emitting thin-film EL 

layer. 

20. The EL device according to claim 19, wherein the 
red light emitting thin-film EL layer is made of 

10 CaS:Eu; the blue light emitting thick-film EL layer is 
made of ZnS:Cu; and the green light emitting thick- 
film EL layer is made of one of ZnS:Tb, ZnS:Cu and 
ZnS:Mn. 



16. The EL device according to claim 15, wherein the 
blue light emitting thick-film EL layer is made of 
ZnS:Cu; the green light emitting thin-film EL layer is 
made ZnS:Tb; and the red light emitting thin-film EL 
layer is made of CaS:Cu. 

17. The EL device according to claim 16, wherein the 
thick-film EL layered structure includes: 

a 21st electrode film formed on bottom of the 
substrate; 

the blue light emitting thick-film EL layer formed 
on bottom of the 21st electrode film; 
a 21st insulation film formed on top of the blue 
light emitting thick-film EL layer and partially on 
tops of the 21st electrode film and the sub- 
strate; and 

a 22nd electrode film formed on top of the 21st 
insulation film. 

18. The EL device according to claim 17, wherein the 
thin-film EL layered structure includes: 

a 23rd electrode film and a 24th electrode film, 
the 23rd and 24th electrode films being sepa- 
rated from each other and formed on top of the 
substrate; 

a 23rd insulation film formed on tops of the 
transparent 23rd and 24th electrode film's and 
partially on top of the substrate; 
the red light emitting thin-film EL layer and the 
green light emitting thin -film EL layer, the red 
light emitting thin-film EL layer and the green 
light emitting thin-film EL layer being separated 
from each other formed on top of the 23rd insu- 
lation film; 

a 24th insulation film formed on tops of the red 
light emitting thin-film EL layer and the green 
light emitting thin-film EL layer and partially on 
top of the 23rd insulation film; and 
a 25th electrode film and a 26th electrode film, 
the 25th and 26th electrode films being sepa- 
rated from each other and formed on top of the 
24th insulation film. 



15 21. The EL device according to claim 20, wherein the 
thick-film EL layered structure includes: 

a 31st electrode film and a 32nd electrode film, 
the 31st and 32nd electrode films being sepa- 
20 rated from each other and formed on bottom of 

the substrate; 

the blue light emitting thick-film EL layer formed 

on bottom of the 31st electrode film; 

the green light emitting thick-film EL layer 

25 formed on bottom of the 32nd electrode film; 

a 31st insulation film formed partially on bottom 
of the 31st electrode film, the 32nd electrode 
film and the substrate and on bottoms of the 
blue light emitting thick-film EL layer and the 

30 green light emitting thick-film EL layer; and 

a 33rd electrode film and a 34th electrode film, 
the 33rd and 34th electrode films being sepa- 
rated from each other and formed on bottom of 
the 31st insulation film. 

35 

22. The EL device according to claim 21, wherein the 
thin-film EL layered structure includes: 

a 35th electrode film formed on top of the sub- 
40 strate; 

a 33rd insulation film formed on top of the 35th 
electrode film and partially on top of the sub- 
strate; 

the red light emitting thin-film EL layer formed 
45 on top of the 33rd insulation film; 

a 34th insulation film formed on top of the red 
light emitting thin-film EL layer and partially on 
top of the 33rd insulation film; and 
a 36th electrode film formed on top of the 34th 
so insulation film. 

23. An elctroluminescent (EL) device constructed and 
arranged substantially as herein described with ref- 
erence to or as shown in Figs. 1 to 4 of the accom- 

55 panying drawings. 

24. A method for manufacturing an electroluminescent 
(EL) device substantially as herein described with 
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reference to or as shown in Figs. 5A to 5F and Figs. 
6A to 6D of the accompanying drawings. 
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